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Redundant GPS Antenna Splitter 

The invention relates to a Redundant GPS antenna splitter with at least one GPS 
antenna to be connected to numerous GPS outputs of transmitters through a passive 
antenna splitter and possibly an amplifier. 

The invention is suitable for all systems, which require GPS antenna signals for time 
and frequency synchronisation. A very special application results from the 
introduction of new digital coding and transmission processes (COFDM = Coded 
Orthogonal Frequency Division Multiplex) in the field of terrestrial broadcasting 
technology. Through this new digital transmission processes more frequencies 
become available with the same amount of data or number of programmes compared 
to existing analog systems. These frequencies and the bandwidth can be used for the 
transmission of additional programmes. This makes it possible to position several 
transmitters on the same location , which can be operated on the same frequency due 
to the new coding and transmission processes COFDM. A requirement for this is a 
frequency and time synchronisation, which can be realized with the GPS (Global 
Positioning System). This also implies that a GPS signal must be supplied to each 
transmitter. 

It is known that several transmitters can be connected to a GPS antenna through 
amplifiers. For this passive splitters, e.g. Wilkinson splitters with four GPS outputs are 
used. If the GPS antenna breaks down in such a setting, all transmitters connected to it 
cannot broadcast anymore. Another frequent disadvantage concerns the mounting of 
transmitter antennas on a transmitter pole assigned to a transmitter location, if a 
number of transmitters are operated with this pole and many GPS-antennas must be 
mounted on this pole. Lack of space on the pole quite often poses a serious 
impairment, which results in relatively high mounting costs. 
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With this invention a redundant GPS antenna splitting should be created, which 
overcomes these difficulties and preferably distributes the GPS signal to a number of 
transmitters that the broadcasting capability of the connected transmitters is preserved 
in the event of a break-down of a single GPS antenna. Care should also be taken for 
an automatic switch to a functioning transmitter in the event of switching off a 
transmitter or break-down of one or more transmitters connected to the GPS anterma 
and for an automatic switch to another GPS antenna in the event of idle run (antenna 
not cormected) or break-down (short-circuit) of a GPS reception antenna, whereby the 
circuit (logic) must not be destroyed, if both GPS antennas fail to function. 

Starting from the GPS antenna splitter mentioned at the beginning this task is solved 
by a parallel connection of a second GPS antenna to the passive antenna splitter via an 
amplifier so that multiple antenna splitter outputs are connected to the two GPS 
antennas via a DC driver stage with a supply voltage for the GPS antennas being 
available on the output of the DC driver stage. Further the DC driver stage contains 
current measuring stages, which depending on the operating condition (regular 
operation, idle mn or short-circuit) of the GPS antennas switches the power supply of 
the HF amplifiers and the supply voltage of the GPS antennas on and off. 

As a result of these measures there is the advantage that multiple transmitters 
connected to the outputs of the passive antenna splitter and occupied with various 
channels can altematively be switched to two redundant GPS antennas, which 
increases the operational reliability tremendously. Another advantage is that much 
lower mounting efforts are necessary. 

An advantageous design of the invention provides that the antenna splitter has eight 
outputs, to which eight GPS receivers or transmitters can be connected. 

A special version of the invention consists in the fact that the DC driver stage supplies 
the supply voltage for the two GPS antennas at any time, even if only one transmitter 
is in operation, whereby the equipment is automatically switched to the transmitter 
that delivers the highest voltage. 
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A particularly advantageous version of the DC driver stage contains a DC monitoring 
stage, which provides a decoupling stage for each antenna splitter output connected 
to a transmitter, in which an operational amplifier (OPA) responds to the difference 
between the DC supply voltage delivered by the transmitter and the output voltage of 
the assigned GPS antennas to make a semiconductor switch conductive and to 
connect the transmitter with the highest voltage to the GPS antenna. 

For this purpose each decoupling stage has an OPA, which detects the difference 
between the DC supply voltage supplied by the transmitter and present on an input 
through a switching transistor and the voltage before the transistor and present on the 
second input and in the decoupling stage with the highest voltage difference puts 
through the transistor, whereby the DC supply voltage is present on the common 
output line. A defined hysteresis is provided in order to avoid a permanent switching 
to and fro between various decoupling stages with almost identical differences in 
voltage. 

Through this measure the supply voltage always comes from a single transmitter and 
guarantees a full decoupling between different paths. To compensate losses as a result 
of attenuation due to splitter losses and cables and to keep the required power at a 
minimum, the HF amplifier inserted between the active GPS antenna and the passive 
antenna splitter is kept operating through the current measuring stage. 

For realising this measure current measuring resistors are inserted in both DC paths 
between the antenna splitter and the GPS antennas, which deliver a nominal value via 
a current measuring path regulated by an OPA, which serves the regulation of a 
window comparator. The outputs of a window comparator open a semiconductor 
switch in the assigned DC path via a switching transistor in the event of a current value 
deviating from a nominal value that defines an intact antenna (under- and 
overcurrent). In the event of overcurrent the switch is opened without delay, while in 
the event of undercurrent a defined time constant delays the opening of the switch. 

To preserve the switching condition of a GPS antenna after switching off, a change- 
over and holding stage is provided. Derived from the output signals of the window 
comparators the switching condition is stored with a semi-stable flip flop, and the 
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switching transistor in the DC path of the active antenna is kept in a stable conductive 
state and switches off the HF amplifier of the inactive antenna. This results in a stable 
switching condition for switching on the antenna and supply power is saved through 
switching off the non-required HF-amplifier. 

To protect the switching stages following the GPS antennas eflfectively against 
lightning or highly intrusive surge voltages a filter serving as a lightning protection is 
inserted after the GPS antennas and before the HF amplifier. 

The advantages and features of the invention can be seen from the following 
description of an embodiment in connection with the patent claims and the drawing. 

The drawing shows: 

Fig. 1 a basic block diagram of the redundant GPS antenna splitter according to the 

invention 

Fig. 2 a basic circuit diagram of the splitter stage 

Fig. 3 a basic circuit diagram of the DC monitoring stage 

Fig. 4 a circuit diagram of the HF amplifier 

Fig. 5 a basic circuit diagram of the DC driver stage without DC monitoring stage 

The redundant GPS antenna splitter shown in Fig. 1 consists of a HF path that is 
parallel to a DC patli. Through the HF path the GPS signal is transmitted by the 
outlined antennas 1 and 2 to the transmitters connected to the outputs of the antennas. 
In the parallel path a DC delivered by the transmitters through the physically identical 
line is supplied to the antennas through the DC path. 

In the HF stage 12 the GPS signal of both antennas is supplied to a HF amplifier 
through a filter 18. Witli the filter 18 undesired intmsive signals, e.g. mobile radio 
standard (GSM) and, in particular, the basic fi'equency of the channel 60 (782 to 792 
MHz) reserved at present for TV applications are suppressed, whose 1st harmonic is in 
the range of the GPS signal. At the same time the losses from attenuation in the splitter 
and the cables are compensated with the two HF amplifiers 19. The operation of these 
HF amplifiers is controlled by the DC driver stage. 
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The output signals of the HF amplifier 19 are interconnected through the diodes 20 
and 21 and supplied to the splitter stage 14, which transmits the GPS signals to the 
GPS outputs 1 to 8 and the connected transmitters. 

The DC supply of the GPS antennas 1 and 2 is provided by the DC driver stage 16. The 
DC signals from the transmitters, preferably +5 or +12 V is decoupled on the GPS 
outputs 1 to 8 and supplied to a DC monitoring stage 25. This DC monitoring stage 25 
provides for the constant availability of the DC supply voltage for the antennas on the 
output of tlie stage with a decoupling circuit (to be explained hereafter), even if one 
or more (up to seven) transmitters do not deliver a voltage, and for inserting this DC 
supply voltage into antenna 1 and 2. Before the insertion it is checked with the help of 
a current measurement in a current measuring stage 28, in which operating condition 
the GPS antennas are, i.e. regular operation, idle run and short circuit is detected. The 
resulting information is used (to be explained hereafter) to switch on and off the 
power supply 34 for the HF amplifiers through window comparators 30 and an 
analysis stage as well as a change-over and holding stage 32 and further to switch on 
and off the DC supply voltages of the GPS antennas (SI, S2). 

In Fig. 2 the splitter stage 14 is shown which uses power distributors 38 preferably 3dB 
power splitters for splitting the GPS signal supplied from the GPS antennas via the 
diodes 20 and 21. These power splitters are ordinary Zero degree splitters and 
interconnected in a tree-like structure, whereby capacitors 39 are provided for 
improving the matching of the outputs. To the GPS outputs 1 to 8 the GPS signal is 
transmitted through coupling capacitors 40. Between the coupling capacitors 40 and 
the GPS outputs 1 to 8 DC contacts are provided, which are connected to the DC 
outputs DCl to DCS via lowpass filters consisting of an inductor or reactance coil 42 
and capacitors 44 as a DC splitter. These DC outputs are connected to the inputs of the 
DC monitoring stage according to Fig. 3 and designated in the same way. 

The DC monitoring stage (Fig. 3) consists of 8 parallel connected decoupling stages 
46, which have the task to deliver the supply voltage for the GPS antennas, even if a 
transmitter (up to seven) breaks down or is not used and to completely decouple the 
connected transmitter stages from each other. 
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Moreover, the decoupling stages 46 should guarantee in the event of a falling supply 
voltage or a transmitter stage break-down that a switch-over to the driver stage of the 
transmitter, which delivers the highest voltage, takes place automatically. For this 
purpose a MOS-FET 47 is provided in the decoupling stage 46, which is conductive, if 
the criterion mentioned above is fulfilled for the respective stage. The adjustment of 
the MOS-FET 47 is performed through an operational amplifier (OPA), which 
compares and amplifies the difference between the output voltage on the resistor 48, 
which is present on the cuirent measuring stage 28 with the voltage supplied from the 
transmitter on the voltage splitter resistor 49, i.e. the voltage before and after the MOS- 
FET. 

The operational amplifier with the largest differential voltage activates the MOS-FET 47 
and makes it conductive. Thus the voltage present on the GPS output is effective on 
the cunent measuring stage through the decoupling stage 46, which detects the largest 
difference voltage on the operational amplifier. To avoid switching from one 
decoupling circuit to another with small differences in voltage a hysteresis is built-in 
via a feedback resistor 50. 

In Fig. 4 filter 18 and HF amplifier 19 are shown in detail. The filter is designed as a 
high-pass filter of the 4th degree with LC circuit 54 already mentioned that functions as 
a trap at the half GPS frequency. 

As a HF amplifier an integrated HF amplifier 56 is used, which is controlled by a N- 
channel MOS-FET 58 activated from the change-over and holding stage 32. With this 
control the HF amplifier 56 is switched off for saving power through a transistor 59, if 
no GPS signal is available from the GPS antenna, which means that the GPS anterma is 
out of order, not available or defect. For this purpose the HF-amplifier is designed in 
such a way that the supply voltage is directly applied to the output. This control of the 
disconnection is explained below in detail. 

In Fig. 5 additional circuit parts of the DC driver stage 16 and for a branch of the circuit 
for the GPS antenna 1 are shown in detail. The second branch shown as a block 
diagram is designed in the same way and works altematively on antenna 2. 
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As the DC supply for the antenna must be available at any time and only a relatively 
low current can be delivered through the DC monitoring stage from the connected 
transmitters, one of both GPS antennas and the respective HF amplifier must be 
switched off. This function is fulfilled by the circuit illustrated in Fig. 5. 

In this circuit the current measuring stage 28 contains a very low Ohm measuring 
resistor and a resistor 65 in the collector circuit of a transistor 64. With the help of an 
operational amplifier 66 the voltage drop on the measuring resistor 62 is held equal to 
the voltage drop on the resistor 65. The current flowing over an accordingly designed 
emitter resistor 67 is proportional to the current through the measuring resistor 62 and 
is effective on the window comparator 30. If the emitter current is above or below a 
predefined limit, the window comparator 30 is activated. 

This window comparator consists of an operational amplifier 70 with a positive input 
at an upper reference voltage and an operational amplifier 71 with a positive input at 
the lower reference voltage. These reference voltages define the upper and lower 
value of the current, which is pennitted to flow through the antenna. If the voltage 
drop falls below the lower reference value Vjj^^f at idle mn (no current through the 
antenna) on the emitter resistor 67, the output voltage of the OPA 71 increases to a 
high value. The same is true of a voltage drop exceeding the upper reference value 
^uRef emitter resistor 67, whereby the operational amplifier 70 drops to a low 

value on the output. 

The output signal of the operational amplifier 70 is supplied through the voltage 
splitter 77 and 78 to the basis of transistor 79 in the following analysis stage, and to the 
gate of the N-channel MOS-FET 76, which forms a monostable flip-flop with the MOS- 
FET 75, which serves the purpose of buffering the switch condition. If the upper 
reference value V^j^^j is exceeded (as mentioned above), the low output signal of the 
operational amplifier 70 results in locking the MOS-FET 76 and putting through the 
MOS-FET 75. This entails immediately putting through transistor 79 because of the 
current flow through the voltage splitters 77 and 78. Thus the emitter voltage of 
transistor 79 (Vsp) is present on the gate of the P channel MOS-FET 80 in the current 
measuring stage 28 and locks it, whereby the GPS antenna 1 is disconnected from the 
DC supply voltage (see also Fig.l switch SI). 
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If as a resxilt of switching off or a defect of the GPS-antenna the voltage falls below the 
reference value V^j^^f on the input of the window comparator, the output of the 
operational amplifier 71 has a high voltage value, i.e. it is effective through line 85 on 
a RC-element consisting of a resistor 86 and a capacitor 87, which supply the high 
output signal of the operational amplifier 71 with a delay to the N-channel MOS-FET 
88 and make it conductive. Thus on the basis of transistor 82 a voltage becomes 
effective through the voltage splitter consisting of the resistors 90 and 92, which makes 
transistor 82 conductive and maintains the locking condition of the MOS-FET 80. 

The low voltage due to the conductive MOS-FET 88 on line 89 is also supplied to the 
HF amplifier of GPS antenna 1 and switches the N-channel MOS-FET 58 to the non- 
conductive state, described with respect to Fig. 4, so that transistor 59 is locked, and 
deactivates the HF amplifier 56 by disconnecting the voltage supply on its output (see 
Fig. 1, switch S3). 

The low voltage due to the conductive MOS-FET 88 on line 89 is also supplied to the 
HF amplifier of the GPS antenna 1 and switches the N-channel MOS-FET 58, described 
with respect to Fig. 4, to the non-conductive state so that transistor 59 is locked, and 
deactivates the HF amplifier 56 by switching off the supply voltage delivered to its 
output (see Fig. 1, switch S3). 

The voltage due to the conductive MOS-FET 88 on line 89 is also effective on a N- 
channel MOS-FET 98 in the second half of the two-fold symmetrically designed 
change-over and holding stage, which together with the N-channel MOS-FET 94 forms 
a bi-stable flip-flop, and locks it. As a result, MOS-FET 94 and MOS-FET 99 are 
switched to the conductive state, whereby the respective switching condition is stored. 
By storing the switching condition it is guaranteed that only a GPS antenna and the 
corresponding amplifier are supplied, i.e. being in operation. 

If the active GPS antenna is in nomial operation, i.e. the voltage drops across the 
current measuring stage 28 on resistor 67, which is between the upper and lower 
reference value, at the output of the operational amplifier 70 a high voltage is present 
and at the output of the operational amplifier 71 a low voltage is present. The high 
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voltage at the output of the operational amplifier 70 activates the MOS-FET 76 and 
locks the the MOS-FET 75 and transistor 79, whereby on the gate of the P channel 
MOS-FET 80 a low voltage is present, which keeps it conductive i.e. keeps the GPS 
antenna in the operating state. The low voltage on the operational amplifier 71 is ef- 
fective on the MOS-FET 88 through line 85 and the delay elements 86 and 87 and 
keeps it locked, whereby the HF amplifier of GPS antenna 1 is supplied or in 
operation. 

Between the GPS antenna and the MOS-FET 80 there is a lightning protection filter 35, 
which provides for the suppression of inductively inserted power surges in order to 
protect the circuit from damage. 

As the DC driver stage is designed symmetrically, switching on and off for both 
branches is performed in the same way. Therefore, the lower branch in the Fig. 5 is 
only shown as a block-diagram. 



